Methotrexate Nanoparticles: Synthesis, Characterization, and in Vitro and in Vivo Antitumoral Activity by 陈娟
学校编码：10384 分类号 密级
学 号：20720120153309 UDC
博 士 学 位 论 文
甲氨蝶呤纳米靶向缓释系统的制备及体内
外抗肿瘤作用研究
Methotrexate Nanoparticles: Synthesis, Characterization,




专 业 名 称：材料物理与化学
论文提交日期：2 0 15 年 4 月
论文答辩时间：2 0 15 年 5 月
学位授予日期：2 0 15 年 月
答辩委员会主席：
评 阅 人：

























Methotrexate Nanoparticles: Synthesis, Characterization,
and in Vitro and in Vivo Antitumoral Activity
A Dissertation Submitted to the Graduate School in Partial Fulfillment of







































































































































































































































































































































Innovation and Contribution.................................................................. VII
1. Introduction.............................................................................................. 1
1.1 Introduction........................................................................................................ 1
1.2 Nanocarrier Drug Delivery System.................................................................. 2
1.2.1 The characteristics of Nanocarrier............................................................. 2




1.2.3 Characterization of Nanoparticles............................................................11
1.3 Targeted System............................................................................................... 12
1.3.1 Classification of Targeted System........................................................... 13
1.3.1.1 Active Targeted Preparation.....................................................................13
1.3.1.2 Passive Targeted Preparation................................................................... 17
1.3.1.3 PhysicalTargeted Preparation.................................................................. 17
1.4 Drugs for Malignant Tumors.......................................................................... 18
1.4.1 Study on Antitumor Drugs....................................................................... 18
1.4.2 Biochemical Mechanism of Antitumor Drugs......................................... 19
1.4.3 The Characteristics of Tumor Tissue....................................................... 21
1.5 Methotrexate.....................................................................................................22
1.5.1 Properties and Action Mechanism........................................................... 22
1.5.2 Clinical Application and Problems...........................................................24
1.5.3 Research Status........................................................................................ 26






















2.1 Chemicals and Apparatus................................................................................44
2.1.1 Chemicals and Reagents.......................................................................... 44
2.1.2 Experiment Apparatus..............................................................................45
2.1.3 Materials and Apparatus for Cell Section................................................ 46
2.1.4 Preparation of Cell Culture Reagent........................................................ 47
2.1.5 Experimental Animals..............................................................................48
2.2 Procedures.........................................................................................................48
2.2.1 Preparation Process.................................................................................. 48
2.2.1.1 Preparation Process of Nanoparticles.................................................... 48
2.2.1.2 Centrifugal and filter................................................................................. 49
2.2.1.3 Freeze Drying..............................................................................................50
2.2.2 Cell Experiment....................................................................................... 50
2.2.3 Animal Experiment.................................................................................. 52
2.3 Analysis Methods............................................................................................. 53
2.3.1 Structural Characterizations..................................................................... 53
2.3.2 in Vivo Imaging Analysis........................................................................ 54
2.3.3 Flow Cytometry Analysis........................................................................ 55
2.3.4 Confocal Laser Scanning Microscopy..................................................... 55
References................................................................................................................56
3. Preparation and Characterization of Pegylated Chitosan.................58
3.1 Introduction...................................................................................................... 58
3.2 Experimental Methods.....................................................................................59
3.2.1 Preparation Methods................................................................................ 59
3.2.1.1 Solution Preparation.................................................................................. 59
3.2.1.2 Preparation of Chitosan Nanoparticles..................................................59
3.2.1.3 Preparation of Polyethylene glycol Chitosan Nanoparticle..............60
3.2.2 Influence Factors......................................................................................60
3.2.3 Characterization of Nanoparticles............................................................61
3.2.3.1 Particlesize distribution and Zeta potential.......................................... 61
3.2.3.2 Surface Morphology of Nanoparticles.................................................. 61
3.2.3.3 Infrared Characterization of Nanoparticles.......................................... 61
3.2.3.4 Nuclear Magnetic Resonance Spectroscopy（NMR）.................... 61
3.3 Results and Discussion.....................................................................................62
















Degree papers are in the “Xiamen University Electronic Theses and 
Dissertations Database”.  
Fulltexts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on 
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary 
loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn 
for delivery details. 
厦
门
大
学
博
硕
士
论
文
摘
要
库
